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Modular RICH Detector

Silica Aerogel (SiO,) -- Radiator
* Density 0.02 g/cm3
* Refractive index: n=1.025

Fresnel lens -- Focus Cherenkov
radiation on the photonsensor

* Acrylic, C5H802, 1.19 g/cm3
*  Four sections, G4Polycon

* 100 grooves

Photosensor & Readout
e  Block of aluminum




1. Comparison to \\S_’
field-on and field-off simulations

* |n the next two slides, we compare the patterns
of photon hits on the Fresnel lens ,and the
photonsensor, in field-on and field-off

simulations

* Simulation setup
— 9 GeV pion
— 10,000 events
— Hall frame dimension (x, y, z)=(0.5, 0.5, 0.5)m
— Magnetic field
* Left column: (B, B, B,)=(0,1.5,0) T

y’ Tz

* Right column : field-Off
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All Hits in Modular RICH Detector

Field On A vertical band Field Off
formed by photon

hits on Fresnel lens
(see next slide)
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Photon Hits on Fresnel Lens

Field On ield Off

“

60| ok

3 3 F

- 30—

40 C

I 20

20~ 10[-

- of—

Un -

i 10

_ool- ~20}-

[ -30F

-401— -

B 40—

B 501
_60 I 1 1 1 I 1 1 L | 1 1 L | 1 L 1 | 1 L 1 I 1 L 1 1 1 l 1 1 1 | 1 1 1 l 1 1 1 I 1 1 1 |
~60 —40 —20 0 20 40 -60 —40 —20 0 20 40

out_x out_x
e We still saw a vertical band 732482 entries

e 737864 entries
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2. Single Muon simulation

* In order to study the cause of the vertical
band, we changed beam from pion to muon
as it has minimal interaction with the detector

e Simulation Setup
— 9 GeV Muon
— Single event
— Magnetic B-field (B,, B,, B,)=(0, 1.5, 0) T
— Hall frame dimension (x, y, z)=(0.5, 0.5, 0.5)m
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Event Display — Side View

* Electron spirals (cyan
lines) which
propagate in y-
direction emitted
Cherenkov radiation

* The frequency of
having electron(s) is
low! One per ~80
runs (single event)

* | set the grooves of
Fresnel lens invisible on
the event display
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Event Display — Bird View

Electron spirals (cyan
lines) which propagate
in y-direction emitted
Cherenkov radiation




* Electron spirals (cyan lines)
which propagate in vy-
direction emitted
Cherenkov radiation

 Radiation (photons) was
emitted along the electron
spiral trajectory (see back
up slide)

» Cherenkov ring (may
not be a perfect circle)
appeared on the front
of the aero gel and on
the Fresnel lens




mpid of Photon Hits on the Aero Gel—
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Photon hits on the aero gel
e Y-axis — y-position of photon hit
e X-axis — x-position of photon hit
e Color—mpid

* Purple — mpid=11-> e

* Yellow—mpid=13 2> W

“Ulrection

Front view on the event display

$»




mpid of Photon Hits on Fresnel Lens
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3. 10,000 Muons Simulation \\S_)
e- momentum distribution study

* |n the next two slides, we are comparing the
momentum distribution of e generated inside
aero gel, in field-on and field-off simulation

* Simulation Setup
— 9GeV Muon
— 10000 events
— Hall frame dimension
(x,y,z)=(0.5, 0.5, 0.5)m
— Magnetic field
* Field-On (B,, B,, B.)=(0, 1.5, 0)T

x» Cyr Pz

e Field-Off



$»

mpid of Photon Hits on Fresnel Lens—
Field On Field Off
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* Y-axis — y-position of photon hit

e X-axis — x-position of photon hit

* Color—mpid : Purple—mpid=11 2> e
Yellow — mpid=13 2>

10/5/15 Cheuk-Ping Wong (GSU) 14



Linear Momentum Distribution of \QS_)
Electron Hits in Aero Gel

Field-On Field-Off
htemp htemp
10° Entries 1198 B Entries 895
T Mean 0.4756 - Mean 0.2902
Std Dev 1.055 Std Dev  0.1504
) 10° =
o2 39 entries -
> I
i 26 entries oL 1 entry
0F > -
12 entries 3
1 1
0 2 4 6 8 10 12 14 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 2.2
sqrt(pz"2+py"2+px"2) sqrt(pz/2+py 2+px"2)
Total e- hits in aero gel =1198 Total e- hits in aero gel = 895
P>2 MeV: 39 entries P>2 MeV :1 entries
P>3 MeV: 26 entries P >3 MeV : 0 entries
P>6MeV:12 entries P> 6 MeV : 0 entries

More e hits in aero gel if magnetic field is on (due to e spiral?)
More high momentum (P>2 MeV) e hits in aero gel if magnetic field is on.

10/5/15 Cheuk-Ping Wong (GSU) 15



Yield of delta ray e” vs. Energy of iniﬁa\ﬁ&
ray e

Delta ray yield for 10 GeV Muon in 4cm thick L-Propane, 430mg/cm3, Red: BT = 3.0T, Blue: BT =0.0T

% E Entries = 10783 .
Mean  0.001161 However, Jin shown
5 1077 = RMS  0.0009953
2 that energy of delta
£ | -
ol ray e should be
> F independent on
o Tt il magnetic field

- ' "J

L |

O_I ‘ l()1.010'1l l01.01012l l01.01013l l01.01014l l()I.OIO'Sl l01.01016l lOI.OIOI7l I0.008 0.009 0.01

Energy for initial delta ray electron (GeV)

Yield of delta ray e vs. Energy of initial ray e
from ePHENIX simulation
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Summary

¢ “generated” inside the aero gel moves in a

spiral trajectory and emits Cherenkov
radiation

* Why e generated in the aero gel had higher

linear momentum (P>2 MeV) if magnetic
field is on?
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Back Up

1111111



If we just plug Magnetic field in — \S’

e Simulation Setup
— 9GeV Pion
— 100 events
— Magpnetic field (B,, B, B,
— Hall frame dimension
(x, vy, z)=(100, 100, 100)m

B )=(0, 1.5, 0)T

10/5/15 19



If we just plug Magnetic field in \QS’
Position of Hits in Modular RICH Detector
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9/14/15 Cheuk-Ping Wong (GSU) 20



If we just plug Magnetic field in \ﬂs_)
Hits on Fresnel lens and Photonsensor

out_y:out_x {out_z==70.5} out_y-out_x {out_z==146}

>50r
> | -
60~ EPRE
3t ms 40f
a0 30f
20: Central 20¢
- Vertical . 10[
oL banddued &8 of
[ to pion = -
- .p -10f
20—~ spiral -
- -20[
40— -3of
- 40
-60_I Il Il | Il Il Il | Il Il Il Il Il Il Il Il Il | Il Il E

€ 40 20 0 20 l 40t x %0 40 30 20 10 0 10 20 30 40 50

- out_x

Hits on Fresnel lens dineid * Hits on Photonsensor
e generated inside . .
= e Shift of Cherenkov rings due to

the aerogel . .
pion spiral
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Simulation without Detector —

* First, put the detector away

e Simulation Setup
— magnetic field — (B,, B,, B,)=(0, 1.5, 0)T

— 9GeV Pion was shot from the center of the lab
frame

— Number of Events — 1 event
— Removed detector

— Hall frame dimension
(x,y, z) =(100, 100, 100)m

9/18/15 Cheuk-Ping Wong (GSU) 22
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Simulation without detector

|

x

ﬂ
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Pion-spiral --10-rings

ﬂ

Il
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Birdview
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il

1

Spiral trajectory

Yellow — pion

Green -- -ve charged particle
Cyan —e-

White — neutral particle (phtons?)




Simulation without detector \QS_)
Single event, different momenta

3 GeV 15 GeV 20 GeV

Stronger the magnetic field, larger the ring radius
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Simulation with Detector —

* Now, let’s put the detector back

e Simulation Setup
— magnetic field — (B,, B,, B,)=(0, 1.5, 0)T
— 9GeV Pion was shot from right in front of the aero

gel
— Number of Events — 1 event

— Hall frame dimension
(x,y, z) =(100, 100, 100)m
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Simulation with Detector

15t incident position
Propagation
| direction of the spiral

* Inthe simulation, when the particle reaches the boundary of the hall
frame, it will be killed.
=>» To avoid the returned pion hit, we need to reduced the hall frame
dimension.



Simulation with Detector \QS_)
More captures from event display

e 1GeV Pion, single event




Simulation with Detector \QS_)
More captures from event display

e 1GeV Pion, single event

Keep zooming out

Modular RICH detector




Simulation with Detector \QS_)
More captures from event display

* 9GeV Pion, single event




Simulation with Detector \QS_)

More captures from event display

* 9GeV Pion, single event

Beam in white color



Simulation with Detector \QS_)
More captures from event display

* 9GeV Pion, single event

* You can see full circle of
different spirals.
e | cannot make both
vellow and green circles
— full at the same time. It
detector looks like that the plane
(green dot) | of the green circle is not
parallel to the yellow one.
 These four captures are
not shown in same scale.

RICH




Reduce Hall Frame Dimension \KS_’
Y-position Distribution of Pion Hits on Fresnel Lens

Field On Field Off

htemp htemp

Entries 10001 10'E Entries 10000
10 | Mean  0.0008079 = Mean  2.864e-06
- Std Dev 0.06483 Std Dev 0.0009525
i 10°
10° = E
21
10 10 =
1 H 1 ’-H
:"Iﬂ" 'I— |n|[|||”[]|| ] 1 I "m" :||||”|||||||||||||[||||||||l-|[|||||||||||||”|H|||”|||
-1 0 1 2 3 4 5 6 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02
out_y out_y

Pion hits spread wider in y-direction when
field is on
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Reduce Hall Frame Dimension \SS_’
Py distribution of Pion Hits on Fresnel Lens

Field On Field Off

htemp htemp
N Entries 10001 | Entries 9993
10°E Mean  —0.02553 Mean 1.019e-05
StdDev  5.174 10° = Std Dev 0.0005763
10°
108
102
10
10— =
§| I”I L L I L L ” L | L ‘H‘ f I f f f f I I”I \ ﬂ I Hﬂ \ :I 1 il I 1 1 1 ’-I‘ ’I_‘I HIHI 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I IHI IH 1 1 1
400 300 200 =300 0 100 -0.01 -0.008 -0.006 -0.004 -0.002 O 0.002 0.004 0.006
py out_y

Few of the pions gained higher momentum in y-direction when By field is on
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Reduce Hall Frame Dimension \&S_’
Photon Hits on Sensor

Field On Field Off

>|,50

- I 350: I
040_— _ o40_— y | | |
30F ‘Qrange arrpw -- Bistance from. @iy 2 i
: Xt slide) : L
10— b
i T oF ~ =l L o
o of
—20 _203_ '
~30f _30F- : Ui
_50“'|||||||I||IIII|IIIII|IIIII||I||I|II||I||I||I||II —50:[IIIII[lI|ll|l||llIII|l||l||[l||l]|llllllllllIIlI

=0 40 30 -20 -10 0 10 20 30 40 50 =50 —40 -30 -20 -10 0 10 20 30 40 50
out_x out_x

Number of entries = 284411 Number of entries = 280159

10/5/15 Cheuk-Ping Wong (GSU) 34



Reduce Hall Frame Dimension \QS,
Distance Distribution (from origin to each hit)—
of Photon hits on the Sensor

x10° htemp x10° htemp
» Entries 284411 - Entries 280159
100 J Mean 18.18 = Mean 18.01
- StdDev  2.695 100 StdDev  1.791
80— B
. 80—
60— n
. 60—
40 _— 40—
20— 20—
O—lllLl 1111111 I T T T T N Y B BN 0-1111J|_1 l\‘lIllllLlJllllll[llllllll
0 10 20 30 40 50 60 0 10 20 30 40 50 60
sqgrt(out_y”2+out_x"2) sqrt(out_y”2+out_x"2)

Difference of mean between field-on and field-off= (18.18-18.01)/18.01=0.94%.
Difference of standard deviation = (2.695-1.791)/1.791=50.47%
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Single Muon simulation \QS_)

Direction of the radiation (photons) were
emitted along the electron trfé\jectory




Single Muon simulation \QS_)
All Photon Hits in Detector
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Single Muon simulation \KS’
Position of Photon Hits on Aero Gel and on Fresnel Lens

Jeol- |70,
3 : i : .
i _lgg * Overlayslide 12 on slide
i . 13
40— : ..
- es. wt S —66
B Fep 4 S of * . "
i j*. P e Y-axis — y-position of
o0l ;éz'.;,:::':.;,_.;':‘-?:‘ik (64 photon hit
i Rt e X-axis — x-position of
- . —62 .
- S photon hit
O e 60 * Color— z-position of
i PR photon hits
o0l L 58 * Purple -- Photon hits
- : 56 on aero gel
- * Yellow- photon hits
-40[— 54 on Fresnel lens
B 52
-60—
| | | | | | | | | | | | | | | | | | | | | | |
-60 -40 -20 0 20 40 60
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Single Muon simulation \QS_)
mpid of Photon Hits on the Sensor

>50¢ —134
5 F |
© 40 —12.
305_ - |, Mpid of photon hits on the
- ) - photonsensor
20 S —12. * Y-axis —y-position of photon
10 R —12. hit . "
- : e X-axis — x-position of photon
O 12 hit
100 ;1. * Color—mpid
- * Purple —mpid=11 > e
—201- 1. * Yellow—mpid=13 2>
-30F 11.
_40F- 11.
_50:I 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | L1 | 1111 | 1111 11
50 -40 -30 -20 -10 0 10 20 30 40 50

out_x
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10,000 Muons Simulation \QS_)
pid of Photon Hits on Sensor

Field oﬁn

>50 —13:  >50f 132
4—-' ™ 'i 4-'| o {
3 4nf Sk { 3 - B P T LR LSNPS LR |
40~ “a g —{12.i L e T g Yo . 12.
- '_-_‘.r‘ N . . . -\.. ~, . .: -‘...- . - . -'._
[~ =" ':.' - . - = Lot " . o Vo,
30f- S —12. 30 " . et R ) —{12.
20 2. 20| Sl LR | A2
= E - .'_'- . ._;: -'. T . -. .: .. ;-
101~ 12. 10~ Lo LB T T 12.
B - s "-l'.l_. ‘.._.-’ ' =
= | ~..- - L 5! ’-'. N = - .. -
of- 12 OfF ¥ ,.r - o A i 12
~10f- M S0 LRI R il U e LS 114
—20F M =20 Tpea, DR L el T 114
- : TR e T e
-30|- 1.  -30F U N 1.
~40f- 1. 40 v - T T e 1.
_50_“||[||||||||||||||||||||||||||||||||||I||||I|||| 11 _50_llllllllllllllllllllllllllllllllllllllllllllllll 11

-50 40 -30 -20 -10 O 10 20 30 40 50 -50 40 -30 -20 -10 O 10 20 30 40 50
out_x out_x
e Y-axis — y-position of photon hit
e X-axis — x-position of photon hit
* Color—mpid : Purple—mpid=11 2> e
Yellow — mpid=13 2 u

10/5/15 Cheuk-Ping Wong (GSU) 40



10,000 Muons Simulation \QS_’
P, Distribution of Electron Hits inside Aero Gel

Field-On Field-Off

_ htemp px {pid==11 && out_z<70.5}
Entries 1198 ) htemp
Mean 0.009337 10 F Entries 895
Std Dev 0.3694 C Mean -0.009428
10° = StdDev 02114
10—
10:—
1= e
||H ||H||H|| ) IIIIHII Ll :\IH\\‘\\\‘\\H v b b by by 1 H\H\H\ 1
) 3 > 3 -12 -1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8
px P
|P, |>=2: 8 entries |P,|>=2:0 entries

* Cherenkov radiation threshold for electron particle : Px2.3MeV

10/5/15 Cheuk-Ping Wong (GSU) 41



10,000 Muons Simulation \SS_’
Py Distribution of Electron Hits inside Aero Gel

Field-On Field-Off
htemp htemp
Entries 1198 - Entries 895
Mean 0.01331 - Mean  0.009445
, Std Dev  0.3727 B StdDev  0.2059
10" =
10:—
10:—
1= 1:_
HHMHW HMNHHHH HHH‘ ..
-3 -2 -1 2 3 -08 -06 -04 -02 O 02 04 06 08 1 1.2
py py
|P,|>=2: 8 entries |P,|>=2:0 entries

*Cherenkov radiation threshold for electron particle : Px2.3MeV
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10,000 Muons Simulation \SS_’
P, Distribution of Electron Hits inside Aero Gel

Field-On Field-Off
10° Entri — 1198 F — 7 S
: o ol
, 10° =
10 E_ -
10 105_
A 1 .HH_QHHHH.[H. . Hnngm.nn L) EL HHWL NI
bz -0.5 0 0.5 1 1.5 bz
|P,|>=2:32 entries |P,|>=2:0 entries

*Cherenkov radiation threshold for electron particle : Px2.3MeV
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Field-Off, Single Electron \\S_)
with different momentum

1 MeV single electron 2.3 MeV single electron 6 MeV single electron

Cherenkov radiation threshold for electron particle : Px2.3MeV
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